Introduction {#sec1}
============

Glioma is the most common primary malignant tumor in the CNS.[@bib1] Despite that surgical treatment combined with postoperative chemotherapy is the most effective treatment at present, the prognosis is poor in patients suffering from glioma.[@bib2] Chemotherapy is one of the most important methods in the treatment of glioma. Because the blood-tumor barrier (BTB) greatly limits the entry of most antitumor drugs into tumor tissues, the effectiveness of chemotherapy for glioma is reduced. Therefore, selective opening of the BTB, as well as increasing transporting drugs into glioma tissues, is one of the most important parts in improving the chemotherapeutic effect of glioma.

Similar to the blood-brain barrier (BBB), the BTB is mainly composed of brain microvascular endothelial cells (BMECs), basal membranes, and glioma cells.[@bib3] There are two main routes for drugs to reach tumor tissues via the BTB, including the paracellular pathway and the transcellular pathway.[@bib4] The paracellular pathway involves the opening up of the tight junctions among endothelial cells (ECs), and tight junctions are mainly composed of gaps or fusion channels between tight junctions consisting of tight junction-associated proteins such as zonula occludens proteins (ZOs), occludin, and claudins.[@bib5]

Abundant and functionally important types of non-coding RNAs include long non-coding RNAs (lncRNAs), as well as short non-coding RNAs, such as microRNAs (miRNAs), small interfering RNAs (siRNAs), PIWI-interacting RNAs (piRNAs), small nucleolar RNAs (snoRNAs), and others. Recent studies have shown that lncRNAs play important roles in the regulation of tumors and inflammatory, neurodegenerative, and other diseases.[@bib6] Molecular regulatory networks centered on lncRNAs regulating BTB permeability have attracted great attention of researchers. lncRNAs are RNAs with a length of more than 200 nt that have no capacity to code for protein due to the lack of an open reading frame.[@bib7] lncRNAs regulate the expression of target genes at the levels of transcription, post-transcription, and epigenetics.[@bib8] Long intergenic non-protein coding RNA 174 (linc00174) is located on chromosome 7q11.21. However, the regulation of GECs function by linc00174 has not been investigated.

miRNAs, about 22 nt in length, regulate the expression of target mRNA by binding to the 3′ UTR of complementary target mRNA completely or incompletely.[@bib9] miR-138-5p is a member of the miR-138 family, which contains a 23-bp sequence locus on chromosome 16, and is involved in modulating biological behaviors of multiple tumor cells. miR-138-5p was reported to be downregulated in the tissues and cells of melanoma[@bib10] and renal cell carcinoma,[@bib11] and it participated in the regulation of cancer development and progression. miR-150-5p, located on chromosome 19 with a length of 22 bp, showed a low expression level in colorectal cancer, non-small cell lung cancer, and other tumors, while inhibiting the proliferation, migration, and invasion of the above tumor cells.[@bib12]^,^[@bib13] At present, no studies on the regulation of BTB function by miR-138-5p and miR-150-5p have been reported.

FOSL2 also known as FRA2, belongs to the activator protein-1 (AP1) transcription factors family, which includes the various isoforms of Fos and Jun.[@bib14]^,^[@bib15] The leucine chain encoded by the Fos gene can dimerize with the protein encoded by the Jun gene family (including C-Jun, JunB, and JunD) to synthesize into AP1. AP1 is involved in the regulation of cell proliferation, differentiation, and transformation, as well as embryonic development,[@bib16] organogenesis,[@bib17] and immune system regulation.[@bib18] Studies have shown that FOSL2 participates in the regulation of physiological and pathological processes in a variety of cells. FOSL2 specifically expressed in osteoblasts regulates adiponectin and osteocalcin expression and metabolism.[@bib19] FOSL2 is involved in regulation of the photoperiod in the pineal gland[@bib20] and promotes myocardial fibrosis.[@bib21] FOSL2 promotes the progression of ovarian precancerous lesions.[@bib22] In addition, FOSL2 is highly expressed in breast cancer cells and promotes the proliferation, migration, and invasion of breast cancer.[@bib23] However, the regulation of BTB function by FOSL2 remains unclear.

In the present study, we first verified the endogenous expression of linc00174, miR-138-5p, miR-150-5p, and FOSL2 in glioma microvascular endothelium and the effect of these molecules on the permeability of BTB. Furthermore, we investigated the regulatory relationship and mechanisms of these molecules, as well as their key points in regulating the permeability of BTB. This study aims to reveal the new mechanism for regulating the permeability of BTB, while also providing new ideas for the comprehensive therapy of glioma.

Results {#sec2}
=======

Inhibition of linc00174 Increased BTB Permeability and Decreased the Expression Levels of Tight Junction-Related Proteins in GECs {#sec2.1}
---------------------------------------------------------------------------------------------------------------------------------

The expression of linc00174 in the astrocytes-endothelial cells (AECs) and GECs was evaluated. As shown in [Figures 1](#fig1){ref-type="fig"}A and 1C, lncRNA microarrays and quantitative real-time PCR were performed and results showed that the expression of linc00174 in GECs was significantly higher than that in AECs. To explore the possible functional role of linc00174 on BTB permeability, GECs with stable knock down of linc00174 were established. Therefore, transendothelial electric resistance (TEER) values were detected. There was no significant difference in TEER values between the control group and the linc00174(−) negative control (NC) group. TEER values were significantly decreased in the linc00174(−) group compared with that in the linc00174(−)NC group, which suggested that linc00174 knockdown impaired the BTB integrity ([Figure 1](#fig1){ref-type="fig"}D). As shown in [Figure 1](#fig1){ref-type="fig"}E, the horseradish peroxidase (HRP) flux was much higher in the linc00174(−) group than that in linc00174(−)NC group, indicating that linc00174 inhibition increased the permeability of BTB. To further verify the potential mechanisms of linc00174 on BTB permeability, the expression of ZO-1, occludin, and claudin-5 was detected by western blot. [Figure 1](#fig1){ref-type="fig"}F shows no significant difference between control and linc00174(−)NC groups. However, the expressions of ZO-1, occludin, and claudin-5 were decreased in linc00174(−) group compared with the lin00174(−)NC group. Similar to the results of western blot, the immunofluorescence staining results revealed that, compared with the linc00174(−)NC group, the expressions of ZO-1, occludin, and claudin-5 were significantly decreased in the linc00174(−) group and exhibited a discontinuous distribution ([Figure 1](#fig1){ref-type="fig"}G).Figure 1linc00174 Was Highly Expressed in GECs, and Knock Down of linc00174 Increased BTB Permeability and Induced the Expression of Tight Junction-Related Proteins in GECs(A and B) lncRNA (A) and miRNA (B) microarray data in AECs and GECs; quantitative real-time PCR were performed to validate the selected molecules. (C) Relative expression levels of linc00174 in AECs and GECs were detected by quantitative real-time PCR. Data represent mean ± SD (n = 5, each). \*\*p \< 0.01 versus AECs group. (D) TEER values were evaluated after knock down of linc00174 in GECs. (E) HRP flux assays were performed to detect permeability after knock down of linc00174 in GECs. Data represent mean ± SD (n = 5, each). \*p \< 0.05 versus linc00174(−) group. (F) Western blot analysis for the protein expression of tight junction-related proteins ZO-1, occludin, and claudin-5 in GECs. Data represent mean ± SD (n = 3, each). \*p \< 0.05 versus linc00174(−) group. (G) Immunofluorescence localization of ZO-1, occludin, and claudin-5 in GECs. Nuclei are labeled with DAPI. Images are representative of three independent experiments. Scale bar, 50 μm.

Overexpression of miR-138-5p or miR-150-5p Increased BTB Permeability and Decreased the Expressions of ZO-1, Occludin, and Claudin-5 in GECs {#sec2.2}
--------------------------------------------------------------------------------------------------------------------------------------------

Quantitative real-time PCR were performed to detect the expression levels of miR-138-5p and miR-150-5p in GECs. [Figures 2](#fig2){ref-type="fig"}A and 2F showed that the expressions of miR-138-5p and miR-150-5p were significantly decreased in the GECs group compared with that in the AECs group. To further clarify the effect of miR-138-5p and miR-150-5p on BTB permeability, overexpression and inhibition of miR-138-5p or miR-150-5p, respectively, were transiently transfected in GECs. TEER values were detected. The TEER values were significant decreased in the miR-138-5p(+) or miR-150-5p(+) group compared with the miR-138-5p(+)NC or miR-150-5p(+)NC group, whereas the TEER values were increased in miR-138-5p(−) or miR-150-5p(−) group compared with miR-138-5p(−)NC or miR-150-5p(−)NC group ([Figures 2](#fig2){ref-type="fig"}B and 2G). However, the HRP flux in the miR-138-5p(+) or miR-150-5p(+) group was significantly higher than that in the miR-138-5p(+)NC or miR-150-5p(+)NC group. The HRP flux in the miR-138-5p(−) or miR-150-5p(−) group was significantly lower than that in miR-138-5p(−) or miR-150-5p(−) group ([Figures 2](#fig2){ref-type="fig"}C and 2H). These results demonstrated that overexpression of miR-138-5p or miR-150-5p increased the BTB permeability in GECs. Furthermore, western blot was conducted to clarify the potential mechanism in the changes of BTB permeability. As shown in [Figures 2](#fig2){ref-type="fig"}D and 2I, the expression of ZO-1, occludin, and claudin-5 were significantly decreased in the miR-138-5p(+) or miR-150-5p(+) group compared with the miR-138-5p(+)NC or miR-150-5p(+)NC group. Those proteins were significantly increased in the miR-138-5p(−) or miR-150-5p(−) group. As shown in [Figures 2](#fig2){ref-type="fig"}E and 2J, the effects of miR-138-5p or miR-150-5p overexpression on ZO-1, occludin, and claudin-5 protein levels and distribution were determined via immunofluorescence staining. However, discontinuous distribution and downregulation of expression of these tight junction-related proteins were determined. The opposite results were observed in the miR-138-5p(−) or miR-150-5p(−) group.Figure 2miR-138-5p and miR-150-5p Regulate BTB Permeability and the Expression of Tight Junction-Related Proteins in GECs(A) Relative expression levels of miR-138-5p were detected by quantitative real-time PCR in AECs or GECs. Data represent mean ± SD (n = 3, each). \*\*p \< 0.01 versus AECs group. (B) TEER values of BTB were detected after overexpression and inhibition of miR-138-5p in GECs. (C) HRP flux assay was performed to detect BTB permeability. Data represent mean ± SD (n = 5, each). \*p \< 0.05 versus miR-138-5p(+)NC; ^\#\#^p \< 0.01 versus miR-138-5p(−)NC. (D) Western blot analysis of ZO-1, occludin, and claudin-5 in GECs. Data represent mean ± SD (n = 3, each). \*p \< 0.05 and \*\*p \< 0.01 versus miR-138-5p(+)NC; ^\#^p \< 0.05 and ^\#\#^p \< 0.01 versus miR-138-5p(−)NC. (E) Immunofluorescence localization of ZO-1, occludin, and claudin-5 in GECs. Nuclei are labeled with DAPI. Images are representative of three independent experiments. Scale bar, 50 μm. (F) Relative expression levels of miR-150-5p were detected by quantitative real-time PCR in AECs or GECs. Data represent mean ± SD (n = 3, each). \*p \< 0.05 versus AECs group. (G) TEER values were detected on BTB integrity, after overexpression and inhibition of miR-150-5p in GECs. (H) HRP flux assay was performed to detect BTB permeability. Data represent mean ± SD (n = 5, each). \*p \< 0.05 versus miR-150-5p(+)NC; ^\#^p \< 0.05 and ^\#\#^p \< 0.01 versus miR-150-5p(−)NC. (I) Western blot analysis expression of ZO-1, occludin, and claudin-5 after transfection of miR-150-5p mimics and inhibitor in GECs. Data represent mean ± SD (n = 3, each). \*p \< 0.05 and \*\*p \< 0.01 versus miR-150-5p(+)NC; ^\#\#^p \< 0.01 versus miR-150-5p(−)NC. (J) Immunofluorescence localization of ZO-1, occludin, and claudin-5 in GECs. Nuclei are labeled with DAPI. Images are representative of three independent experiments. Scale bar, 50 μm.

linc00174 Bound to miR-138-5p and miR-150-5p, linc00174 and miR-138-5p, or miR-150-5p Were Reciprocally Repressed {#sec2.3}
-----------------------------------------------------------------------------------------------------------------

Database: starBase v2.0 was used to detect whether linc00174 has a potential binding site on miR-138-5p and miR-150-5p. As [Figure 1](#fig1){ref-type="fig"}B shows, miRNA microarrays and quantitative real-time PCR were performed to screen the target miRNAs with linc00174 inhibition. Meanwhile, [Figures 3](#fig3){ref-type="fig"}A and 3H showed that the expressions of miR-138-5p and miR-150-5p were significantly increased after stable knock down of linc00174. However, linc00174 expression was decreased in the miR-138-5p(+) or miR-150-5p(+) group and increased in the miR-138-5p(−) or miR-150-5p(−) group ([Figures 3](#fig3){ref-type="fig"}B and 3I). The above results indicated that linc00174 and miR-138-5p or miR-150-5p were reciprocally repressed. Furthermore, a luciferase reporter assay was performed. Luciferase activity was not significantly different in cells co-transfected with miR-138-5p(+) or miR-150-5p(+) and linc00174-Mut. However, luciferase activity was significantly decreased in cells co-transfected in miR-138-5p(+) or miR-150-5p(+) and linc00174-wild-type (Wt) ([Figures 3](#fig3){ref-type="fig"}C and 3J). An RNA immunoprecipitation (RIP) assay was performed and showed that the enrichment of linc00174 and miR-138-5p or miR-150-5p was higher in the anti-Ago2 group than that in the anti-normal immunoglobulin G (IgG) group. However, knock down of miR-138-5p or miR-150-5p reduced the enrichment of linc00174 and miR-138-5p or miR-150-5p in Ago2 precipitates ([Figures 3](#fig3){ref-type="fig"}D and 3K).Figure 3linc00174 Regulated BTB Permeability and the Expression of Tight Junction-Related Proteins by Binding to miR-138-5p and miR-150-5p in GECs(A) Relative miR-138-5p expression was detected by quantitative real-time PCR after knock down of linc00174 in GECs. Data represent mean ± SD (n = 3, each). \*\*p \< 0.01 versus linc00174(−)NC group. (B) Relative linc00174 expression was detected by quantitative real-time PCR after changing miR-138-5p in GECs. Data represent mean ± SD (n = 3, each). \*p \< 0.05 versus miR-138-5p(+)NC group; ^\#\#^p \< 0.01 versus miR-138-5p(−)NC group. (C) Relative luciferase activity was detected by a Dual-Luciferase reporter assay. Data represent mean ± SD (n = 5, each). \*p \< 0.05 versus linc00174-Wt+ miR-138-5p(+)NC group. (D) RIP assay was performed with normal mouse IgG or anti-Ago2. Relative expression levels of linc00174 and miR-138-5p were determined by quantitative real-time PCR. Data represent mean ± SD (n = 3, each). \*p \< 0.05 and \*\*p \< 0.01 versus IgG group. (E) TEER assay evaluated the effect of linc00174 and miR-138-5p on BTB integrity. (F) HRP flux assay evaluated the effect of linc00174 and miR-138-5p on BTB permeability. Data represent mean ± SD (n = 5, each). \*p \< 0.05 and \*\*p \< 0.01 versus linc00174(−)NC+miR-138-5p(+)NC group. (G) Western blot assay evaluated the effect on ZO-1, occludin, and claudin-5. Data represent mean ± SD (n = 3, each). \*\*p \< 0.01 versus linc00174(−)NC+miR-138-5p(+)NC group. (H) Relative miR-150-5p expression was detected by quantitative real-time PCR after knock down of linc00174 in GECs. Data represent mean ± SD (n = 3, each). \*\*p \< 0.01 versus linc00174(−)NC group. (I) Relative linc00174 expression was detected by quantitative real-time PCR after changing miR-150-5p in GECs. Data represent mean ± SD (n = 5, each). \*p \< 0.05 versus miR-150-5p(+)NC group; ^\#\#^p \< 0.01 versus miR-150-5p(−)NC group. (J) Relative luciferase activity was performed by Dual-Luciferase reporter assay. Data represent mean ± SD (n = 3, each). \*p \< 0.05 versus linc00174-Wt+miR-150-5p(+)NC group. (K) RIP assay was performed with normal mouse IgG or anti-Ago2. Relative expression levels of linc00174 and miR-150-5p were determined by quantitative real-time PCR. Data represent mean ± SD (n = 3, each). \*p \< 0.05 and \*\*p \< 0.01 versus IgG group. (L) TEER assay evaluated the effect of linc00174 and miR-150-5p on BTB integrity. (M) HRP flux assay evaluated the effect of linc00174 and miR-150-5p on BTB permeability. Data represent mean ± SD (n = 5, each). \*\*p \< 0.01 versus linc00174(−)NC+miR-150-5p(+)NC group. (N) Western blot assay to evaluate the effect on ZO-1, occludin, and claudin-5. Data represent mean ± SD (n = 3, each). \*\*p \< 0.01 versus linc00174(−)NC+miR-150-5p(+)NC group.

miR-138-5p and miR-150-5p Mediate linc00174-Regulated BTB Permeability {#sec2.4}
----------------------------------------------------------------------

Having confirmed that miR-138-5p and miR-150-5p were negatively regulated by linc00174, we further speculated that miR-138-5p and miR-150-5p might be involved in the effects of linc00174 knockdown on BTB permeability. Overexpression or knockdown of miR-138-5p or miR-150-5p was co-transfected in GECs with linc00174 inhibition. As shown in [Figures 3](#fig3){ref-type="fig"}E and 3L, TEER values were significant decreased in the GECs with miR-138-5p or miR-150-5p overexpression, which stably knocked down linc00174. However, miR-138-5p or miR-150-5p inhibition, which stably knocked down linc00174, largely rescued the inhibition effect of linc00174(−) on TEER values. Similarly, miR-138-5p or miR-150-5p inhibition, which stably knocked down linc00174, largely rescued the promotion effect of linc00174(−) on HRP flux ([Figures 3](#fig3){ref-type="fig"}F and 3M). In addition, the protein expressions of ZO-1, occludin, and claudin-5 were detected by western blot. The expressions of ZO-1, occludin, and claudin-5 were decreased after overexpression of miR-138-5p or miR-150-5p, which stably knocked down linc00174. However, miR-138-5p or miR-150-5p inhibition, which stably knocked down linc00174, largely rescued the inhibition effect of linc00174(−) on ZO-1, occludin, and claudin-5 expression ([Figures 3](#fig3){ref-type="fig"}G and 3N).

FOSL2 Was Upregulated in GECs, and Knock Down of FOSL2 Increased the BTB Permeability while Decreasing the Expression of ZO-1, Occludin, and Claudin-5 {#sec2.5}
------------------------------------------------------------------------------------------------------------------------------------------------------

In this study, quantitative real-time PCR and western blot assays were used to detect the expression of transcription factor FOSL2 in AECs and GECs. As shown in [Figures 4](#fig4){ref-type="fig"}A and 4B, both mRNA and protein expressions of FOSL2 were increased in GECs, compared with AECs. To further clarify the functional role of FOSL2 in GECs, we established stable GEC cell lines with overexpression or inhibition of FOSL2. [Figures 4](#fig4){ref-type="fig"}C and 4D showed that FOSL2 overexpression increased the TEER values, whereas it decreased HRP flux, compared with the FOSL2(+)NC group. However, FOSL2 knockdown decreased the TEER values, whereas it increased HRP flux, compared with the FOSL2(−)NC group. These results demonstrated that FOSL2 inhibition promoted BTB permeability. Furthermore, the mRNA and protein expressions of ZO-1, occludin, and claudin-5 were detected by quantitative real-time PCR and western blot. Both mRNA and protein expression were increased in the FOSL2(+) group, compared with the FOSL2(+)NC group, whereas it decreased in the FOSL2(−) group compared with the FOSL2(−)NC group ([Figures 4](#fig4){ref-type="fig"}E and 4F). Similar to western blot, immunofluorescence staining revealed that ZO-1, occludin, and claudin-5 exhibited a discontinuous distribution and decrease in the FOSL2(−) group compared with the FOSL2(−)NC group. However, the opposite results were shown in the FOSL2(+) group ([Figure 4](#fig4){ref-type="fig"}G).Figure 4Knock Down of FOSL2 Increased BTB Permeability and Induced the Expression of Tight Junction-Related Proteins in GECs(A) Relative expression levels of FOSL2 were detected by quantitative real-time PCR in AECs or GECs. \*\*p \< 0.01 versus AECs group. (B) Western blot analysis of FOSL2 in AECs and GECs. Data represent mean ± SD (n = 3, each). \*p \< 0.05 versus AECs group. (C) TEER assay evaluated the effect of FOSL2 on BTB integrity. (D) HRP flux assay evaluated the effect of FOSL2 on BTB permeability. Data represent mean ± SD (n = 5, each). \*p \< 0.05 and \*\*p \< 0.01 versus FOSL2(+)NC group; ^\#^p \< 0.05 and ^\#\#^p \< 0.05 versus FOSL2(−)NC group. (E) The mRNA expression of tight junction-related proteins was detected by quantitative real-time PCR. Data represent mean ± SD (n = 3, each). \*\*p \< 0.01 versus FOSL2(+)NC group; ^\#\#^p \< 0.01 versus FOSL2(−)NC group. (F) Western blot assay to evaluate the effect of FOSL2 on the protein expression of tight junction-related proteins in GECs. Data represent mean ± SD (n = 3, each). \*\*p \< 0.01 versus FOSL2(+)NC group; ^\#^p \< 0.05 and ^\#\#^p \< 0.01 versus FOSL2(−)NC group. (G) Immunofluorescence location of tight junction-related protein in GECs after stable transfection of FOSL2(+), FOSL2(−), and FOSL2-NC. Images are representative of three independent experiments. Scale bar, 50 μm.

Both miR-138-5p and miR-150-5p Targeted the FOSL2 3′ UTR {#sec2.6}
--------------------------------------------------------

In this study, having confirmed that FOSL2 played an oncogenic role in GECs, we further detected whether FOSL2 was involved in linc00174-downregulated, induced regulation of BTB permeability. As shown in [Figures 5](#fig5){ref-type="fig"}A and 5B, both mRNA and protein expressions of FOSL2 were significantly decreased in the linc00174(−) group, compared with the linc00174(−)NC group. Furthermore, we assessed the effects of miR-138-5p or miR-150-5p overexpression and inhibition on the expression of FOSL2. [Figures 5](#fig5){ref-type="fig"}C--5F show that miR-138-5p or miR-150-5p overexpression decreased the mRNA and protein expression of FOSL2, whereas miR-138-5p or miR-150-5p inhibition exerted the opposite effects. Moreover, as shown in [Figures 5](#fig5){ref-type="fig"}G--5J, the mRNA and protein expressions of FOSL2 were significantly decreased in the linc00174(−)+miR-138-5p(+) group and linc00174(−)+miR-150-5p(+) group, compared with the linc00174(−)NC+miR-138-5p(+)NC group and linc00174(−)NC+miR-150-5p(+)NC group. However, miR-138-5p(+) and miR-150-5p(+) rescued the effects on FOSL2 expression decreased by linc00174(−). Furthermore, a luciferase assay was performed to detect whether FOSL2 was a direct target of miR-138-5p and miR-150-5p in GECs. As shown in [Figures 5](#fig5){ref-type="fig"}K and 5L, no significant difference was found in cells co-transfected with miR-138-5p(+) and FOSL2-3′ UTR-mutant (Mut) as well as in cells co-transfected with miR-150-5p(+) and FOSL2-3′ UTR-Mut. However, luciferase activity was significantly decreased in cells co-transfected with miR-138-5p(+) or miR-150-5p(+) and FOSL2-3′ UTR-Wt, compared with miR-138-5p(+)NC or miR-150-5p(+)NC and FOSL2-3′ UTR-Wt. The results suggested that FOSL2 was a directed target of both miR-138-5p and miR-150-5p.Figure 5miR-138-5p/miR-150-5 Targeted FOSL2 3′ UTR(A) Relative expression of FOSL2 mRNA was detected by quantitative real-time PCR in GECs after knock down of linc00174. (B) Relative IDVs of FOSL2 was detected by western blot in GECs with linc00174 inhibition. Data represent mean ± SD (n = 3, each). \*\*p \< 0.01 versus linc00174(−)NC group. (C) Relative expression of FOSL2 mRNA was detected by quantitative real-time PCR in GECs after changing miR-138-5p. (D) Relative IDVs of FOSL2 was detected by western blot in GECs after changing miR-138-5p. Data represent mean ± SD (n = 3, each). \*p \< 0.05 and \*\*p \< 0.01 versus miR-138-5p(+)NC group; ^\#\#^p \< 0.01 versus miR-138-5p(−)NC group. (E) Relative expression of FOSL2 mRNA was detected by quantitative real-time PCR in GECs after changing miR-150-5p. (F) Relative IDVs of FOSL2 was detected by western blot in GECs after changing miR-150-5p. Data represent mean ± SD (n = 3, each). \*p \< 0.05 and \*\*p \< 0.01 versus miR-150-5p(+)NC group; ^\#^p \< 0.05 and ^\#\#^p \< 0.01 versus miR-150-5p(−)NC group. (G) linc00174 co-transfection with miR-138-5p. Relative expression of FOSL2 mRNA was detected by quantitative real-time PCR. (H) linc00174 co-transfection with miR-138-5p. Relative IDVs of FOSL2 was detected by western blot. Data represent mean ± SD (n = 3, each). \*\*p \< 0.01 versus linc00174(−)NC + miR-138-5p(+)NC group. (I) linc00174 co-transfection with miR-150-5p. Relative expression of FOSL2 mRNA was detected by quantitative real-time PCR. (J) linc00174 co-transfection with miR-150-5p. Relative IDVs of FOSL2 was detected by western blot. Data represent mean ± SD (n = 3, each). \*\*p \< 0.01 versus linc00174(−)NC + miR-150-5p(+)NC group. (K) Relative luciferase activity was detected by Dual-Luciferase assay. Data represent mean ± SD (n = 3, each). \*\*p \< 0.01 versus FOSL2-3′ UTR-Wt+miR-138-5p(+)NC group. (L) Relative luciferase activity was detected by Dual-Luciferase assay. Data represent mean ± SD (n = 5, each). \*p \< 0.05 versus FOSL2-3′ UTR-Wt+miR-150-5p(+)NC group.

FOSL2 Mediated the Tumor-Suppressive Effects of miR-138-5p and miR-150-5p in GECs {#sec2.7}
---------------------------------------------------------------------------------

To clarify whether FOSL2 was involved in miR-138-5p or miR-150-5p overexpression in regulating BTB permeability, co-transfections between miR-138-5p or miR-150-5p and FOSL2 were conducted. Results showed that overexpression of FOSL2 with overexpression of miR-138-5p or miR-150-5p rescued the promotion effects on miR-138-5p or miR-150-5p overexpression on BTB permeability ([Figures 6](#fig6){ref-type="fig"}A, 6B, 6E, and 6F). Furthermore, FOSL2 overexpression largely rescued the effects on ZO-1, occludin, and claudin-5 downregulated by miR-138-5p or miR-150-5p overexpression ([Figures 6](#fig6){ref-type="fig"}C, 6D, 6G, and 6H). These results suggested that FOSL2 was involved in the effects of miR-138-5p or miR-150-5p overexpression on BTB permeability.Figure 6FOSL2 Mediated the Effects of miR-138-5p and miR-150-5p Overexpression on BTB Permeability in GECs(A) TEER assay evaluated the effect of FOSL2 and miR-138-5p on BTB integrity. (B) HRP flux assay evaluated the effect of FOSL2 and miR-138-5p on BTB permeability. Data represent mean ± SD (n = 5, each). \*p \< 0.05 and \*\*p \< 0.01 versus FOSL2(+)NC+miR-138-5p(+)NC group; ^\#^p \< 0.05 and ^\#\#^p \< 0.01 versus FOSL2(+)NC+miR-138-5p(+)group. (C) Relative expressions of tight junction-related proteins ZO-1, occludin, and claudin-5 mRNAs were detected by quantitative real-time PCR. (D) Relative IDVs of tight junction-related proteins were detected by western blot. Data represent mean ± SD (n = 3, each). \*p \< 0.05 and \*\*p \< 0.01 versus FOSL2(+)NC+miR-138-5p(+)NC group; ^\#^p \< 0.05 versus FOSL2(+)NC+miR-138-5p(+)group. (E) TEER assay evaluated the effect of FOSL2 and miR-150-5p on BTB integrity. (F) HRP flux assay evaluated the effect of FOSL2 and miR-150-5p on BTB permeability. Data represent mean ± SD (n = 5, each). \*p \< 0.05 and \*\*p \< 0.01 versus FOSL2(+)NC+miR-150-5p(+)NC group; ^\#^p \< 0.05 and ^\#\#^p \< 0.01 versus FOSL2(+)NC+miR-150-5p(+)group. (G) Relative expressions of tight junction-related proteins ZO-1, occludin, and claudin-5 mRNAs were detected by quantitative real-time PCR. (H) Relative IDVs of tight junction-related proteins were detected by western blot. Data represent mean ± SD (n = 3, each). \*p \< 0.05, and \*\*p \< 0.01 versus FOSL2(+)NC+miR-150-5p(+) NC group; ^\#^p \< 0.05 versus FOSL2(+)NC+miR-150-5p(+)group.

FOSL2 Upregulated Promoter Activities and Bound to the Promoters of ZO-1, Occludin, and Claudin-5 {#sec2.8}
-------------------------------------------------------------------------------------------------

Knock down of FOSL2 reduced the expression of mRNA and protein of ZO-1, occludin, and claudin-5. In this study, to further verify whether FOSL2 regulated the promoters of ZO-1, occludin, and claudin-5 at the transcriptional level, luciferase assays and chromatin immunoprecipitation (ChIP) assays were conducted. The sequences of ZO-1, occludin, and claudin-5 promoters were set using Database: DBTSS. Positions of transcription start sites (TSSs) of ZO-1, occludin, and claudin-5 were predicted by DBTSS. Then, we analyzed these DNA sequences in the 2,000-bp region upstream of the TSS and its 100-bp downstream sequence. DNA fragments were constructed and ligated into the pGL3 basic vector. For co-transfection with pEX3-FOSL2, ZO-1 promoter activity was upregulated at −805 binding sites, but no significant difference was found with deletion of the −805 region. Similarly, occludin promoter activities were upregulated by the −824 region, but no significant difference was found with deletion of the −824 region and −206 region. Claudin-5 promoter activities were upregulated by the −798 binding site, but no significant difference was found with deletion of the −798 region and −698 region and −552 region ([Figures 7](#fig7){ref-type="fig"}A--7C).Figure 7FOSL2 Bound to Promoters of ZO-1, Occludin, and Claudin-5 in GECs; Alternatively, FOSL2 Bound to the Promoter of linc00174 and Promoted Its Expression(A and B) Schematic depictions of different reporter plasmids and relative luciferase activity in ZO-1 (A), occludin (B), and claudin-5 (C). The y axis shows the deletion positions on the promoter fragment. The x axis shows the reporter vector activity after co-transfection of the reference vector (pRL-TK) and relative to the activity of the pEX3 empty vector, the activity of which was set to 1. Schematic representation of the human ZO-1, occludin, and claudin-5 promoter regions 2,000 bp upstream of the transcription start site (TSS, designated as +1) are shown. Chromatin immunoprecipitation (ChIP) PCR products for putative FOSL2 binding sites and an upstream region not expected to associate with FOSL2 were amplified by PCR using their specific primers. (D--F) PCR of ZO-1 (D), occludin (E), and claudin-5 (F) was conducted with the resulting precipitated DNA. Image is representative of independent ChIP experiments. (G) Relative expression of linc00174 after stabilized transection with FOSL2. Data represent mean ± SD (n = 3, each). \*\*p \< 0.01 versus FOSL2(+)NC group; ^\#^p \< 0.05 versus FOSL2(−)NC group. (H) Schematic depiction of different reporter plasmids and relative luciferase activity in linc00174. Schematic representation of the human linc00174 promoter region is shown. (I) ChIP PCR products for putative FOSL2 binding sites and an upstream region not expected to associate with FOSL2 were amplified by PCR using their specific primers. PCR of linc00174 was conducted with the resulting precipitated DNA.

Furthermore, a ChIP assay was performed to determine whether FOSL2 directly bound to the promoters of ZO-1, occludin, and claudin-5. The putative FOSL2 binding sites were indicated, and primers were designed. In addition, as for the NC, PCR was conducted to amplify the 1,000-bp upstream region that was not expected to associate the putative FOSL2. As shown in [Figures 7](#fig7){ref-type="fig"}D--7F, there were associations with FOSL2 binding sites PCR1 of ZO-1, PCR2 of occludin, and PCR3 of caludin-5, respectively. There was no association of FOSL2 with all of the control regions.

FOSL2 Feedback Promoted linc00174 Expression via Binding to Its Promoters {#sec2.9}
-------------------------------------------------------------------------

Database: JASPAR was used to identify the putative FOSL2 binding sites within the promoter region of linc00174. [Figure 7](#fig7){ref-type="fig"}G shows that linc00174 expression was significantly increased in the FOSL2(+) group, compared with the FOSL2(+)NC group. However, linc00174 expression was decreased in the FOSL2(−) group, compared with the FOSL2(−)NC group. Furthermore, a luciferase assay was conformed to clarify whether FOSL2 bound to the promoter of linc00174. The putative FOSL2 binding sites in linc00174 promoter were confirmed. [Figure 7](#fig7){ref-type="fig"}H shows that deletion of the region surrounding the −1886 site significantly increased linc00174 promoter activity. However, deletion of the region surrounding the −1716 site significantly reduced linc00174 promoter activity. In addition, no significant difference was found after deletion of the −579 site and deletion of the −31 site. Moreover, ChIP assays showed an interaction between FOSL2 and the linc00174 putative binding sites. [Figure 7](#fig7){ref-type="fig"}I shows the interaction with linc00174 binding sites at PCR3 of FOSL2, but no interaction with PCR1, PCR2, PCR4, and PCR5.

Knock Down of linc00174 Combined with miR-138-5p Overexpression or miR-150-5p Overexpression, and miR-138-5p Overexpression Combined with miR-150-5p Overexpression, Enhanced the Anti-tumor Effects of Doxorubicin {#sec2.10}
-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

In this study, we co-transfected knock down of linc00174 and overexpression of miR-138-5p or miR-150-5p and co-transfected miR-138-5p or miR-150-5p overexpression separately. After the establishment of the BTB model, doxorubicin (Dox) (10 μM) was added and co-cultured for 12 h. We further performed flow cytometry to detect apoptosis of U87 cells in the lower chamber with annexin V-phycoerythrin (PE)/7-aminoactinomycin D (7AAD) double staining. As shown in [Figure 8](#fig8){ref-type="fig"}A, the apoptosis rate of U87 in the Dox group is significantly higher than that in the control group. Compared with the linc00174(−)+miR-138-5p(+) group, the apoptosis rate in the linc00174(−)+miR-138-5p(+)+Dox group was significantly increased. Similarly, the linc00174(−)+miR-150-5p(+)+Dox group showed the similar results. However, the apoptosis rate in the miR-138-5p(+)+miR-150-5p(+)+Dox group was higher than in the miR-138-5p(+)+miR-150-5p(+) group. Clearly, the rate of apoptosis in the linc00174(−)+miR-138-5p(+)+Dox group, the linc00174(−)+miR-150-5p(+)+Dox group, and the miR-138-5p(+)+miR-150-5p(+)+Dox group is higher than that in the Dox group. The schematic representation of the linc00174/miR-138-5p/miR-150-5P/FOSL2 feedback loop in BTB permeability was shown in [Figure 8](#fig8){ref-type="fig"}B.Figure 8linc00174 Combined with miR-138-5p or miR-150-5p Enhanced the Anti-tumor Effect of Dox; Alternatively, It Further Enhanced the Feedback Loop(A) The apoptosis of U87 cells was significantly increased by co-transfection of linc00174 and miR-138-5p or miR-150-5p treated with doxorubicin (Dox) (10 μM). Data represent mean ± SD (n = 3, each). \*p \< 0.05 versus control group; ^\#^p \< 0.05 versus Dox group; ^@@^p \< 0.01 versus linc00174(−)+miR-138-5p(+) group; ^\$\$^p \< 0.01 versus linc00174(−)+miR-150-5p(+) group; ^&&^p \< 0.01 versus miR-138-5p(+) +miR-150-5p(+) group. (B) Cartoon of the mechanisms of the linc00174/miR-138-5p/miR-150-5p/FOSL2 feedback loop regulating permeability of BTB.

Discussion {#sec3}
==========

In the present study, we have found that linc00174 was highly expressed in GECs. Knock down of linc00174 increased the BTB permeability and decreased the expression of tight junction proteins ZO-1, occludin, and claudin-5 by binding to miR-138-5p and miR-150-5p, which were downregulated in GECs. Meanwhile, downregulation of linc00174 inhibited FOSL2 expression. Furthermore, FOSL2 upregulated the promoter activities and bound to the promoter region of ZO-1, occludin, and claudin-5 in GECs. Moreover, FOSL2 regulated linc00174 expression by binding to its promoters, forming a positive feedback loop. In addition, combination of linc00174 knockdown and miR-138-5p overexpression or miR-150-5p overexpression and treated with Dox enhanced the anti-tumor effects of Dox.

The BTB consists of tight junctional proteins, which play a pivotal role in delivery of macromolecular anti-tumor drugs into tumor tissues.[@bib24]^,^[@bib25] The BTB model was established with ECs and glioma cells *in vitro*. The TEER value and HRP flux were measured to reflect the integrity and permeability of the BTB, respectively. A recent study has showm that the expression of tight junctional protein ZO-1, occludin, and claudin-5 decreased when BTB permeability increased.[@bib26]

Emerging evidence shows that non-coding RNAs are not only involved in regulating tumor development, but they regulate BTB permeability as well. MEG3 overexpression increased BTB permeability by inhibiting the expression of miR-330-5p in GECs.[@bib27] Knock down of SNHG12 expression reduces viability and mobility, meanwhile increasing apoptosis of human glioma cells.[@bib28] In addition, MALAT1,[@bib29] XIST,[@bib30] and miR-429[@bib31] have been demonstrated to participate in regulating the BTB permeability. linc00174, a lncRNA with the length of 4,462 bp, is found to be expressed in normal brain tissue and to have high expression in testicular tissue using Database: NONCODE. In addition, a recent study has shown that linc00174 promotes the progression of colorectal cancer by combining with miR-1910-3p.[@bib32] Furthermore, in this study, we found that linc00174 was upregulated in GECs. Knock down of linc00174 increased the permeability of the BTB by downregulating the expression of tight junction proteins ZO-1, occludin, and claudin-5, indicating that linc00174 inhibition increased the permeability of the BTB through the paracellular pathway.

Recent studies have shown that miRNAs are involved in the regulation of endothelial cell function. Overexpression of miR-18a decreases the expression of tight junction proteins ZO-1 occludin and claudin-5 through RUNX1.[@bib33] miR-34a regulates the function of the BTB by targeting protein kinase C (PKC)ε.[@bib34] miR-138-5p is involved in the regulation of the pathological process of many diseases. miR-138-5p shows low expression in osteoarthritis,[@bib35] and it acts as a tumor suppressor in bladder cancer.[@bib36] Moreover, in retinoblastoma, overexpression of miR-138-5p decreased the expression of pyruvate dehydrogenase kinase 1 (PDK1), repressed retinoblastoma cell viability, migration, and invasion, and induced apoptosis of retinoblastoma cells.[@bib37] In addition, miR-150-5p is downregulated in circulating blood of patients with delayed myasthenia gravis and acts as a biomarker.[@bib38] miR-150-5p is downregulated in head and neck squamous carcinoma cells.[@bib39] Overexpression of miR-150-5p inhibits the proliferation, migration, invasion, and epithelial interstitial transformation of non-small cell lung cancer cells.[@bib13] In this study, we found that miR-138-5p and miR-150-5p were downregulated in GECs. Overexpressing miR-138-5p or miR-150-5p, respectively, increased BTB permeability and decreased the expression and distribution of ZO-1, occludin, and claudin-5.

Several recent studies have confirmed that lncRNAs regulate the expression of miRNAs and act as a competing endogenous RNA (ceRNA) or a molecular sponge.[@bib40]^,^[@bib41] MEG3 regulates BTB permeability through direct binding to miR-330-5p and negatively regulating its expression.[@bib27] linc00174 acts as ceRNA to promote the progression of colorectal cancer through binding to miR-1910-3p.[@bib32] In our study, knock down of linc00174 increased the expression of miR-138-5p and miR-150-5p. Furthermore, bioinformatics analysis (starBase v2.0) and a luciferase reporter assay were used to find miR-138-5p and miR-150-5p direct binding, respectively, to linc00174. Moreover, upregulation of miR-138-5p or miR-150-5p suppressed the linc00174 expression; however, downregulating miR-138-5p or miR-150-5p showed the opposite results, which indicated that there was a reciprocal repression between linc00174 and miR-138-5p or miR-150-5p. Furthermore, a RIP assay was conducted to explore the underlying mechanism of lncRNA and miRNA regulatory function. Similar to our results, studies support the reciprocal repression process induced by the RNA silencing complex. lncRNA FTH1P3 sponging to miR-206 regulates ABCB1 expression in breast cancer.[@bib42] SNHG7 is upregulated in lung cancer and functioned as ceRNA-antagonized miR-193b upregulating the FAIM2 expression level to inhibit cell proliferation and metastasis.[@bib43] FOSL2 plays an important role in regulating biological functions of cancer.[@bib44] The expression of FOSL2 is remarkably increased in the skin tissue of systemic sclerosis (SSc) animal models, which is likely to be directly involved in the activation of SSc fibroblasts.[@bib45] Moreover, FOSL2 is abundantly detected in ECs and vascular smooth muscle cells of SSc lesional skin, and silencing FOSL2 promotes angiogenesis in human microvascular ECs.[@bib46]^,^[@bib47] In this study, we found that FOSL2 was upregulated in GECs. Knock down of FOSL2 increased BTB permeability and decreased the expression of ZO-1, occludin, and claudin-5.

Accumulating studies showed that miRNAs negatively regulate target gene expression through binding to the 3′ UTR of target mRNA.[@bib48] In non-small cell lung cancer, miR-550a-3p represses the expression of TIMP2 via binding to the TIMP2 3′ UTR, whereas it promotes the growth and metastasis of non-small cell lung cancer cells.[@bib49] miR-200a reduces PTEN expression by binding to the PTEN 3′ UTR, and it significantly enhances the migratory and invasive abilities of ovarian carcinoma cells.[@bib50] The results of bioinformatics analysis and luciferase assays indicated that FOSL2 was one of the direct targets of miR-138-5p and miR-150-5p in regulating the permeability of the BTB. Furthermore, overexpression of FOSL2, which stably overexpresses miR-138-5p or miR-150-5p, largely rescued the regulation of miR-138-5p and miR-150-5p on BTB permeability through downregulating the expression of ZO-1, occludin, and claudin-5. Similar to our results, miR-140 shows downregulation, and transcription factor NFYA is upregulated in GECs. Restored expression of miR-140 significantly decrease the expression of ZO-1, occludin, and claudin-5 and increases BTB permeability through negatively regulating NFYA.[@bib29] Moreover, miR-18a overexpression decreases the expression of ZO-1, occludin, and claudin-5 and increases BTB permeability by negative regulation of MEF2D and KLF4 in GECs.[@bib51] The mechanism by which miRNAs regulate BTB permeability has increasingly attracted the attention.

Furthermore, in this study, to elucidate whether FOSL2 interacted with the promoters of ZO-1, occludin, and claudin-5, luciferase reporter and ChIP assays were performed. The results showed that FOSL2 directly bound to the promoter region of tight junction proteins ZO-1, occludin, and claudin-5 and upregulated promoter activities. A recent study shows that FOSL2 transactivates TIMP-1 by directly binding to the promoter of TIMP-1 while promoting fibrogenesis in mice.[@bib52] Knock down of FOSL2 in human adipocytes decreased leptin (LEP) expression at the transcriptional level, reducing adiposity.[@bib53] Also, signal transducer and activator of transcription 5 (STAT5) activates and binds to the promoter of FOSL2, regulating key immunological processes in CD4 T cells.[@bib54] In addition, an ongoing study has indicated that lncRNAs can be regulated by transcription factors. Nuclear factor κB (NF-kB) binds to the lncRNA NEAT1 promoter to activate NEAT1 expression and promotes lung cancer cell proliferation and migration.[@bib55] lncRNA ERIC is regulated by E2F and modulates the cellular response to DNA damage.[@bib56] In this study, we demonstrated that FOSL2 directly bound to the promoter region of linc00174 and upregulated promoter activities. Overexpression of FOSL2 significantly increased linc00174 expression. However, inhibition of FOSL2 decreased linc00174 expression. The results indicated that the linc00174/miR-138-5p/miR-150-5p/FOSL2 axis regulated BTB permeability by forming a positive feedback loop. Recent study shows that transfection factor FOXO1 binds to MALAT1 promoter region and negatively regulates MALAT1 expression. The FOXO1/MALAT1/miR-26a-5p feedback loop mediates proliferation and migration in osteosarcoma cells.[@bib57] lncRNA HCP5 promotes glioma cell progression through regulating RUNX1 expression. Meanwhile, the transcription factor RUNX1 binds to the promoter of HCP5 and promotes HCP5 expression.[@bib58] Furthermore, the GAS5/miR-196a-5p/FOXO1 feedback loop suppresses malignancy of human glioma stem cells.[@bib59]

Remarkably, we finally demonstrated that knock down of linc00174 combined with overexpression of miR-138-5p or miR-150-5p, which when treated with Dox significantly increased glioma cell apoptosis. This study demonstrated that the combination of silencing linc00174 and overexpression of miR-138-5p or miR-150-5p could enhance the anti-tumor effects of Dox in the *in vitro* BTB model.

In conclusion, this study demonstrated that the expression of linc00174 and FOSL2 were upregulated while the expression of miR-138-5p and miR-150-5p were downregulated in GECs for the first time. Knock down of linc00174 increased BTB permeability by upregulating miR-138-5p and miR-150-5p through FOSL2 inhibition. Moreover, FOSL2 inhibition enhanced BTB permeability by transcriptional repression of ZO-1, occludin, and claudin-5. These findings may contribute to develop effective strategies for treating glioma.

Materials and Methods {#sec4}
=====================

Cell Line and Culture {#sec4.1}
---------------------

An immortalized human cerebral microvascular endothelial cell line (hCMEC/D3; ECs) was presented by Dr. P.-O. Couraud (Institut Cochin, Paris, France). ECs were limited from 30 to 35 passages in this present study. ECs were cultured on culture chambers covered with 150 μg/mL Cultrex rat collagen I (R&D Systems, Minneapolis, MN, USA) and in endothelial basal medium (EBM-2; Lonza, Walkersville, MD, USA) with 5% fetal bovine serum (FBS) Gold (PAA Laboratories, Pasching, Austria), 1% penicillin-streptomycin (Life Technologies, Paisley, UK), 1.4 μM hydrocortisone (Sigma-Aldrich, St. Louis, MO, USA), 1% chemically defined lipid concentrate (Life Technologies, Paisley, UK), 5 μg/mL ascorbic acid (Sigma-Aldrich, St. Louis, MO, USA), 10 mM HEPES (PAA Laboratories, Pasching, Austria), and 1 ng/mL human basic fibroblast growth factor (bFGF; Sigma-Aldrich, St. Louis, MO, USA).

The human glioma cell line U87MG, normal human astrocytes, and the HEK293T cell line were purchased from the Shanghai Institutes for Biological Sciences Cell Resource Center. Cells were cultured in DMEM, which contains high-glucose-containing 10% FBS, 100 U/mL penicillin, and 100 μg/mL streptomycin (Life Technologies, Paisley, UK). All cells were maintained in a humidified incubator (37°C, 5% CO~2~). Normal brain tissues and four grade of human brain tissues obtained from patients who have signed the Informed consent hospitalized in the Department of Neurosurgery of Shengjing Hospital of China Medical University, moreover our study was approved by the Ethics Committee of Shengjing Hospital of China Medical University.

Establishment of a BTB Model *In Vitro* {#sec4.2}
---------------------------------------

We established an *in vitro* BTB model by co-culturing ECs with normal human astrocytes and U87 glioma cells in a Transwell permeable support system as described previously.[@bib26] In brief, U87 cells were seeded at 2 × 10^4^ per well in six-well plates with suitable culture medium and cultured for 2 days. ECs were seeded at 2 × 10^5^ per well on the upper side of chambers pre-covered freshly with 150 μg/mL Cultrex rat collagen I (R&D Systems, Minneapolis, MN, USA). The system was cultured with prepared EBM-2 medium, and then the medium was renewed every 2 days. After co-culturing 4 days, GECs and AECs were obtained and used for the next study.

Quantitative Real-Time PCR Assay {#sec4.3}
--------------------------------

The expression levels of linc00174, miR-138-5p, miR-150-5p, and FOSL2 were determined by quantitative real-time PCR. Total RNA was separated from the cultured cells with TRIzol reagent (Life Technologies, Carlsbad, CA, USA), following the manufacturer's instructions. The RNA concentration and quality were determined in each sample by the 260/280 nm ratio using a NanoDrop 2000 spectrophotometer (ND-100, Thermo Scientific, USA). To measure linc00174 and FOSL2 expression, quantitative real-time PCR was performed using a SYBR PrimeScript RT-PCR kit (Takara Bio). For quantification of miR-138-5p and miR-150-5p expression, reverse transcription was first carried out with TaqMan Micro RNA reverse transcription kits (Applied Biosystems, Foster City, CA, USA), according to the manufacturer's protocol. Then, TaqMan Universal Master Mix II (Applied Biosystems) was used to detect the probes for miR-138-5p (2452336), miR-150-5p (2824926), and endogenous control U6 (2819045). All quantitative RT-PCR analyses were conducted by method of the 7500 Fast Real-Time PCR System (Applied Biosystems, Foster City, CA, USA). Relative expression values were calculated using the relative quantification (2^−ΔΔCt^) method. These primers and probes used in this study listed in [Table 1](#tbl1){ref-type="table"}.Table 1Primers and Probes Used for Quantitative Real-Time PCRPrimer or ProbeGeneSequence (5′→3′) or Assay IDPrimerlinc00174F: TGTGTCTACAGGCCCAACTGR: AAGGTGGGCCTAGCAAAGTTFOSL2F: GGGTAGATATGCCTGGCTCAR: GGTATGGGTTGGACATGGAGGAPDHF: AAATCCCATCACCATCTTCCAGR: TGATGACCCTTTTGGCTCCCProbemiR-138-5p2452336 (Applied Biosystems)miR-150-5p2824926 (Applied Biosystems)U62819045 (Applied Biosystems)[^2]

Cell Transfection {#sec4.4}
-----------------

The short hairpin RNA (shRNA) directed against the human linc00174 gene or the FOSL2 gene was reconstructed in a pGPU6/GFP/Neo vector (linc00174(−) and FOSL2(−), respectively; Gene Pharma, Shanghai, China). Its empty vector was used as a NC (linc00174(−)NC, FOSL2(−)NC). The human FOSL2 gene-coding sequence was ligated into a pIRES2-EGFP vector (FOSL2(+)) (GenScript, Piscataway, NJ, USA), and its empty vector was used as a NC (FOSL2(+)NC). AECs were seeded in 24-well plates and transfected using LTX and Plus reagent (Life Technologies) when the confluence reached 70% to ∼80%. Stable cell lines were selected through the medium containing Geneticin (G418; Sigma-Aldrich, St. Louis, MO, USA), and G418-resistant clones were obtained after 4 weeks. Agomir-138-5p (miR-138-5p(+)), antagomir-138-5p (miR-138-5p(−)), and their NC sequences (miR-138-5p(+)NC and miR-138-5p(−)NC; Gene Pharma) were transiently transfected into AECs, which stably transfected linc00174 inhibition or FOSL2 overexpression, respectively, according to the manufacturer's instructions using Lipofectamine 3000 reagent. Cells were collected 2 days after transfection. Sequences of linc00174(−), FOSL2(−), and NC are shown in [Table 2](#tbl2){ref-type="table"}. The transfection efficiency of linc00174, FOSL2, and miR-138-5p or miR-150-5p are shown in [Figure S1](#mmc1){ref-type="supplementary-material"}.Table 2Sequences of shRNA TemplateGeneSequence (5′→3′)linc00174senseCACCGCCCACAATGTACTCAGATCATCATTCAAGAGATGATCTGAGTACATTGTGGGCTTTTTTGlinc00174antisenseGATCCAAAAAAGCCCACAATGTACTCAGATCATCTCTTGAATGATCTGAGTACATTGTGGGCFOSL2senseCACCGCAGGAGGAGGAGAGATGAGCAGCTTCAAGAGAGCTGCTCATCTCTCCTCCTGCTTTTTTGFOSL2antisenseGATCCAAAAAAGCAGGAGGAGAGATGAGCAGCTCTCTTGAAGCTGCTCATCTCTCCTCCTGCNCsenseCACCGTTCTCCGAACGTGTCACGTCAAGAGATTACGTGACACGTTCGGAGAATTTTTTGNCantisenseGATCCAAAAAAGTTCTCCGAACGTGTCACGTAATCTCTTGACGTGACACGTTCGGAGAAC

TEER Assays {#sec4.5}
-----------

To measure the integrity and permeability of the BTB, a TEER assay was performed after *in vitro* BTB models were established with Millicell-ERS apparatus (Millipore, Billerica, MA, USA). In order to ensure temperature equilibration and uniformity of the culture environment, TEER was recorded after 30 min at room temperature and the culture medium was refreshed before each measurement. The final resistance (Ω·cm^2^) was calculated by subtracting background resistance from measured barrier resistance, and multiplied by the effective surface area of the chamber membrane.

HRP Flux Assays {#sec4.6}
---------------

HRP flux assays were performed to measure BTB permeability. After BTB models were established, 1 mL of culture medium containing 10 μg/mL HRP (0.5 μM, Sigma-Aldrich, USA) was added into the upper compartment of the Transwell system, and 2 mL of culture medium was added to the well. One hour later, the 5 μL of culture medium in the lower chamber was collected from each well and the HRP content of the samples was assayed using tetramethylbenzidine (TMB) colorimetrically with a spectrophotometer at 370 nm. The final HRP permeability was calculated from the standard curve and expressed as picomoles passed per square centimeter of surface area per hour (pmol/cm^2^/h).

Western Blot Assays {#sec4.7}
-------------------

We used western blot analysis to detect protein expression levels of FOSL2 and tight junction-related proteins in *in vitro* BTB models. Cells were harvested and lysed in Radio Immunoprecipitation Assay (RIPA)  Lysis Buffer (Beyotime Institute of Biotechnology, Jiangsu, China) mixed with PMSF (protease inhibitors) and centrifuged at 14,000 × *g* for 10 min at 4°C. After that, the protein concentration of the sample was measured with a bicinchoninic acid (BCA) protein assay kit (Beyotime Institute of Biotechnology, Jiangsu, China). Using SDS-PAGE, equal amounts of protein (40 μg) were separated and then transferred onto polyvinylidene fluoride (PVDF) membranes (Millipore, USA). After fulfilling with the blocking buffer (5% nonfat-dried Milk) for 2 h at room temperature, the membranes were incubated with primary antibodies against FOSL2 (1:500; Abcam, USA), glyceraldehyde-3-phosphate dehydrogenase (GAPDH; 1:10,000; Proteintech, Chicago, IL, USA), ZO-1 (1:300; Life Technologies, Frederick, MD, USA), occludin (1:600; Proteintech, Chicago, IL, USA), and claudin-5 (1:250; Proteintech, Chicago, IL, USA) at 4°C overnight. After washing the membranes with TTBS three times, they were incubated with the corresponding HRP-conjugated secondary antibody diluted at 1:10,000 at room temperature for 2 h. After three washes with TBST, followed by use of an enhanced chemiluminescence (ECL) kit (Beyotime Institute of Biotechnology, Jiangsu, China), visualized protein bands were detected with an ECL detection system (Thermo Scientific, USA). The protein bands were scanned using ChemiImager 5500 v2.03 software, and integrated light density values (IDVs) were calculated by Fluor Chen 2.0 software and normalized with GAPDH.

Immunofluorescence Assays {#sec4.8}
-------------------------

An immunofluorescence assay was performed to detect the expression and distribution of tight junction-related proteins in GECs. The cells should be 100% confluent when mixed with 4% paraformaldehyde for 30 min and permeated with 0.3% Triton X-100 for 10 min at room temperature (ZO-1, occludin, and claudin-5), or fixed with methanol for 10 min at −20°C (for occludin), followed by incubation in 5% BSA blocking buffer for 2 h at room temperature. Subsequently, cells were then incubated with primary antibodies for ZO-1 (1:50; Life Technologies, Frederick, MD, USA), occludin (1:50; Abcam, USA), and claudin-5 (1:50; Life Technologies, Frederick, MD, USA) overnight at 4°C. After three washes with PBST, cells were incubated with Alexa Fluor 555-labeled goat anti-mouse IgG or anti-rabbit IgG secondary antibody (1:500; Beyotime Institute of Biotechnology, Jiangsu, China) for 2 h. After washing with PBS with Tween 20 (PBST) three times, the nuclei were then stained with 0.5 μg/mL DAPI for 8 min. The staining was analyzed using immunofluorescence microscopy (Olympus, Tokyo, Japan) and merged by the ChemiImager 5500 v2.03 software.

Reporter Vector Construction and Luciferase Reporter Assay {#sec4.9}
----------------------------------------------------------

The potential binding sequence of miR-138-5p and miR-150-5p in the linc00174 gene and its mutant sequence was amplified by PCR, synthesized, and cloned into the pmirGLO Dual-Luciferase vector (Promega, Madison, WI, USA). Wild-type pmirGLO-linc00174 (or linc00174 mutant) reporter plasmid and agomir-138-5p or agomir-138-5p-NC/agomir-150-5p or agomir-150-5p-NC were co-transfected into HEK293T cells. Luciferase activity was measured 2 days after transfection through the Dual-Luciferase reporter system (Promega). The 3′ UTR of FOSL2 containing the presumed miR-138-5p and miR-150-5p binding sequences and their mutant sequence were cloned into Dual-Luciferase vectors. Following the transfection approach, measurements of luciferase activities were performed as described above.

RNA Immunoprecipitation Assay {#sec4.10}
-----------------------------

A Magna RNA-binding protein immunoprecipitation kit (Millipore) was used to perform RNA immunoprecipitation assays. Briefly, cells were lysed in complete RNA lysis buffer and cell lysates were incubated with human anti-Ago2 antibody (Millipore) and NC mouse IgG (Millipore). Samples were incubated with proteinase K buffer, and then immunoprecipitated RNA was isolated. Purified RNA was obtained and then applied to qPCR with reverse transcription analysis. A ChIP assay was performed using the SimpleChIP Enzymatic Chromatin IP kit (Cell Signaling Technology, Danvers, MA, USA) according to the manufacturer's instructions. Briefly, cells were crosslinked with EBM-2 containing 1% formaldehyde for 10 min, and glycine was added for 5 min at room temperature to quench the crosslink. Then, cells were collected in lysis buffer containing 1% PMSF. Chromatin was digested by micrococcal nuclease. Lysate (2%) was used as an input reference. Immunoprecipitation was incubated with 3 μg of anti-FOSL2 antibody (Abcam) or normal rabbit IgG followed by immunoprecipitation with protein G-agarose beads during an overnight incubation at 4°C with gentle shaking. The DNA crosslink was reversed by 5 M NaCl and proteinase K at 65°C for 2 h and then DNA was purified.

ChIP Assay {#sec4.11}
----------

ChIP assays were performed with a SimpleChIP Enzymatic Chromatin IP kit (Cell Signaling Technology, Danvers, MA, USA) according to the manufacturer's protocol. Briefly, cells were crosslinked with 1% formaldehyde in culture medium for 10 min, and then glycine was added for 5 min at room temperature. These cells were collected in lysis buffer containing PMSF. Then, chromatin was digested by micrococcal nuclease and incubated for 20 min at 37°C with frequent mixing. Immunoprecipitation was incubated with 3 μg of anti-FOSL2 antibody followed by immunoprecipitation with protein G-agarose beads in each sample during an overnight incubation at 4°C with gentle shaking. Normal rabbit IgG was used as an NC. The 2% input reference was removed and stored at −20°C before antibody supplementation. The ChIP DNA was reverse crosslinked with 5 M NaCl and proteinase K at 65°C for 2 h, and then DNA was purified. Immunoprecipitated DNAs were amplified by PCR using their specific primers ([Table 2](#tbl2){ref-type="table"}). The primers of each PCR set, the sizes of PCR products, and annealing temperatures are listed in [Table 3](#tbl3){ref-type="table"}. In each PCR reaction, the corresponding inputs were taken in parallel for PCR validation. PCR products were resolved on a 3% agarose gel. Bands were visualized as described above for RT-PCR.Table 3Primers Used for ChIP ExperimentsGeneBinding Site or ControlSequence (5′→3′)Product Size (bp)Annealing Temperature (°C)ZO-1PCR1F: CCGTCAACATTGTGGGAAG24555R: CCACACCCCACATTAGACCTPCR2F: GACACCAAAAATCCCACAGG20856.4R: CACACGCATGTCATCATAGCOccludinPCR1F: ACCCATTAAAGCTGCCATCA15255R: TCTATCCAATCCCACCCACTPCR2F: CTCAGGCCCAAGAGCCATAA22454.9R: TGTGTAAACATTGGCGCTGTPCR3F: ATGTTGGATTTGGGAAGCAG17256R: TGGAGCATTCACCAAGACAGClaudin-5PCR1F: CAGGTCCCTGATGACCTGAG17855R: TGGACATCTCCTCCTCTGTGPCR2F: TGTAGAGGAAGGGGCATGG15456.8PCR3R: TGAGGCTGGAAGGAAATCAT22358PCR4F: GGCTAAGCAAAGAGGGTATG24558.3R: AGGGCCCTCCATAGAAAAAGF: TGAGGTTGGATGAGCTGTGAR: GCGGGCATTGTTGTTACTCTFOSL2PCR1F: AAGGGTCCCGGGAGATAGAC20858.7R: CTCACCCCCAGCAGACAAAAPCR2F: GTGGGGGAGTCTTTTCCTTGA22857.4R: GGCACACACCTATAGTCCTACGPCR3F: GGAGGTTGAGGCAAGGAGAA20658R: CCACATACATTACTGGTGGGAPCR4F: TGGGCAAGATAGCAAGACCC20457.8R: TTGCCTCAACCTCCCGAGTAPCR5F: TGTAGATTCAAACTCCTGGGCT20856.5R: GCCTATAATCCCAGCACTTTGG

Quantization of Apoptosis by Flow Cytometry after Adding Dox {#sec4.12}
------------------------------------------------------------

Cell apoptosis was quantified by annexin V-fluorescein isothiocyanate (FITC)/propidium iodide (PI) or annexin V-PE/7AAD staining (SouthernBiotech, Birmingham, AL, USA). Collected cells were washed twice with PBS and then stained with annexin V-FITC/PI or annexin V-PE/7AAD for 15 min according to the manufacturer's instructions. Then, cells were analyzed by flow cytometry (BD Biosciences) and apoptotic fractions were acquired.

Statistical Analysis {#sec4.13}
--------------------

All data were expressed as the mean ± SD. Statistically significant differences between two groups were determined by a t test. For three or more groups, statistical analysis was performed using one-way ANOVA. p \< 0.05 was considered as statistically significant.
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[^2]: One-Step SYBR PrimeScript RT-PCR cycling conditions were as follows: 5 min at 42°C, 10 s at 95°C, 40 cycles of 3 s at 95°C, and 30 s at 60°C. The reverse transcription was set as follows: 30 min at 16°C, 30 min at 42°C, and 5 min at 85°C. PCR conditions were set as follows: 2 min at 50°C, 10 min at 95°C, 40 cycles of 15 s at 95°C, and 1 min at 60°C. F, forward; R, reverse.
